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STEERING DAMPER APPARATUS AND
DAMPER APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a steering damper appara-
tus that generates a damping force 1n a steering system of a
vehicle, and a damper apparatus that provides a damping
force to mnput torque.

This patent application claims priority on Japanese Patent
Application No. 2006-03'7241 filed on Feb. 14, 2006, the
disclosure of which 1s incorporated herein by reference.

2. Background Art

In the past, there was a known steering damper apparatus
constructed 1n a structure in which a damper 1s mounted 1n a
steering system ol a vehicle such that the rotation of the
steering system caused due to the irregularity of a road sur-
face can be damped by the damper (For example, see JP-A
No. HO7-165148).

In the steering damper apparatus, however, the damper
performs the damping operation equally irrespective of
whether the force mputted to the steering system 1s the force
from a handlebar or the force from the road surface. As a
result, for example, when the damping force 1s not provided to
the input from the handlebar, or when 1information from the
road surface 1s directly transmitted to the handlebar, and, in
addition, a rider wishes to obtain a sensation of the handlebar

manipulation, 1t 1s not possible to meet various demands of
the rider.

SUMMARY OF THE INVENTION

Consequently, the present imvention provides a steering
damper apparatus and a damper apparatus that are capable of
providing a damping force only to an input torque from one
side and transmitting 1t to the other side.

In order to address the problem, the present invention pro-
vides a steering damper apparatus including a body frame (for
example, a body frame 2 in embodiments), wheels (for
example, front wheels 3 1n embodiments) suspended by the
body frame, a steering shaft (for example, a steering shatt 45
in embodiments) rotatably supported by the body frame, one
end of the steering shait being connected to the wheel side, a
handlebar (for example, a handlebar 46 1n embodiments)
connected to the other end of the steering shait for rotating the
steering shaft to steer the wheels, and a damper (for example,
a damper 51, 151 in embodiments) for damping the rotation
ol the steering shaft, wherein the rotation of the steering shatt
1s damped by the damper only when there 1s an mput from
either the handlebar or the wheels.

Furthermore, the present mmvention provides a steering
damper apparatus including a body frame (for example, a
body frame 2 in embodiments), wheels (for example, front
wheels 3 1n embodiments) suspended by the body frame, a
handlebar (for example, a handlebar 46 1n embodiments) for
steering the wheels, and a damper (for example, a damper 51,
151 in embodiments) for damping the rotation of the handle-
bar, wherein the steering damper apparatus further includes
an mput torque selecting mechanism (for example, an mput
torque selecting mechanism 52, 152 in embodiments) having,
an mput shatt (for example, an iput shait 71, 171 1n embodi-
ments), an output shaft (for example, an output shaft 72, 172
in embodiments), and a housing (for example, a housing 67,
167 1n embodiments) for rotatably supporting the respective
shafts, the mput torque selecting mechamism being con-
structed such that, when a torque 1s inputted from the 1nput
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shaft, the input shaft rotates the output shait relative to the
housing, and, on the other hand, when a torque 1s 1mputted
from the output shaft, the output shait rotates the input shaft
and the housing, and wherein one of the input shaft and the
output shaft of the input torque selecting mechanism 1s con-
nected to the handlebar side, the other of the input shait and
the output shait of the iput torque selecting mechanism 1s
connected to the wheel side, the housing 1s connected to the

damper, the respective shaits are rotated to steer the wheels,
and, when the housing 1s rotated, the rotation of the housing 1s
damped by the damper.

The above-mentioned steering damper apparatus may be
constructed such that the damper and the housing of the input
torque selecting mechanism are connected with each other
via gears (gears 157q and 167a in embodiments).

The above-mentioned steering damper apparatus may be
constructed such that the steering damper apparatus further
includes a steering shaft (for example, a steering shait 45 1n
embodiments) rotatably supported by the body frame, one
end of the steering shaft being connected to the wheel side, the
other end of the steering shaft being connected to the handle-
bar side, and at least a portion of the steering shait constitutes
the input shatt or the output shaft of the input torque selecting
mechanism.

The above-mentioned steering damper apparatus may be
constructed such that the input shaft of the input torque select-
ing mechanism 1s connected to the handlebar side.

The above-mentioned steering damper apparatus may be
constructed such that the input shaft of the input torque select-
ing mechanism 1s connected to the wheel side.

The above-mentioned steering damper apparatus may be
constructed such that the steering damper apparatus further
includes a steering shaft (for example, a steering shatt 45 1n
embodiments) rotatably supported by the body frame, one
end of the steering shaft being connected to the wheel side, the
other end of the steering shaft being connected to the handle-
bar side, and the steering shaft includes an upper shait (for
example, a steering shait 45a 1n embodiments) connected to
the handlebar side, and a lower shaft (for example, a steering
shaft 455 1n embodiments) connected to the wheel side, the
upper and lower shaits being respectively connected to either
the mput or output shaft of the input torque selecting mecha-
nism via gears (for example, gears 45¢, 45d, 171a, 172a,

173a,173b, 174a, and 1745 1n embodiments).

The above-mentioned steering damper apparatus may be
constructed such that one of the input and output shafts of the
input torque selecting mechamism includes a protrusion (for
example, a protrusion 735 in embodiments), and the other of
the mput and output shafts of the mput torque selecting
mechanism includes a depression (for example, a depression
74b 1n embodiments) 1n which the protrusion 1s loosely fitted
with a predetermined space (for example, a space S1 1n
embodiments) therebetween, and when the 1nput and output
shafts rotate relative to each other, the protrusion and the
depression are brought into abutment with each other so that
torque 1s transmitted between the upper and lower shaits of
the steering shaft via the protrusion and the depression.

The above-mentioned steering damper apparatus may be
constructed such that the speeds of rotation of the upper and
lower shafts of the steering shaft are increased by the gears
before being transmitted to the mnput and output shatts of the
input torque selecting mechanism.

The above-mentioned steering damper apparatus may be
constructed such that the upper and lower shafts of the steer-
ing shaft are coupled to each other via an elastic member (for
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example, a torsion bar 175 mn embodiments) whose torsional
spring constant 1s lower than that of the upper and lower
shaits.

The above-mentioned steering damper apparatus may be
constructed such that the imput and output shatts of the input
torque selecting mechanism are coupled to each other via an
clastic member (for example, a torsion bar 176 in embodi-
ments) whose torsional spring constant 1s lower than that of
the input and output shafts.

The above-mentioned steering damper apparatus may be
constructed such that one of the upper and lower shaifts of the
steering shaft includes a steering-side protrusion (for
example, a steering-side protrusion 177 1n embodiments),
and the other of the upper and lower shaits of the steering
shaft includes a steering-side depression (for example, a
steering-side depression 178 in embodiments) in which the
steering-side protrusion 1s loosely fitted with a predetermined
space (for example a space S3 1n embodiments) therebe-
tween, and when the upper and lower shaftts rotate relative to
cach other, the steering-side protrusion and the steering-side
depression are brought into abutment with each other so that
torque 1s transmitted between the upper and lower shatts via
the steering-side protrusion and the steering-side depression.

The above-mentioned steering damper apparatus may be
constructed such that the input torque selecting mechanism
has positioning means (for example, a mechanism-side posi-
tioming mechanism 182, 182' in embodiments) for determin-
ing a neutral position in a rotating direction between the input
and output shaits.

The above-mentioned steering damper apparatus may be
constructed such that the steering shaft has steering-side posi-
tiomng means (for example, a steering-side positioning
mechanism 181, 181" in embodiments) for determiming a
neutral position 1n a rotating direction between the upper and
lower shafts.

Furthermore, the present mvention provides a steering
damper apparatus including: a body frame (for example, a
body frame 2 1n embodiments); wheels ({or example, front
wheels 3 in embodiments) suspended by the body frame; a
handlebar (for example, a handle bar 46 1n embodiments) for
steering the wheels; a steering shait (for example, a steering
shaft 45 1n embodiments) rotatably supported by the body
frame, one end and the other end of the steering shait being
connected to the wheel side and the handlebar side, respec-
tively; and a damper (for example, a damper 151 1n embodi-
ments) for damping the rotation of the handlebar. The steering
damper apparatus further includes an input torque selecting
mechanism (for example, an input torque selecting mecha-
nism 152 1n embodiments) having an mput shait, an output
shaft (for example, an input shait 171 and an output shaft 172
in embodiments), and a housing (for example, a housing 167
in embodiments) for rotatably supporting the respective
shafts, the mput torque selecting mechamism being con-
structed such that, only when a torque 1s inputted from one of
the 1nput and output shafts, the one of the mput and output
shafts rotates the housing. The steering shait includes an
upper shait (for example, an upper shait 454 i embodiments)
connected to the handlebar side, and a lower shaft (for
example, alower shaft 455 1n embodiments) connected to the
wheel side, the upper and lower shalts being respectively
connected to eirther the mput or output shait of the mput
torque selecting mechanism via gears (for example, gears
45¢,45d,171a,172a,173a,173b,174a, and 1745 1n embodi-
ments), the damper 1s connected to the housing, and when the
housing 1s rotated, the rotation of the housing 1s damped by
the damper. One of the upper and lower shaits includes a
steering-side protrusion (for example, a steering-side protru-
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sion 177 1n embodiments), and the other of the upper and
lower shatts includes a steering-side depression (for example,
a steering-side depression 178 in embodiments) 1n which the
steering-side protrusion 1s loosely fitted with a predetermined
space (for example, a space S3 1n embodiments) therebe-
tween, the steering-side protrusion and the steering-side
depression being brought into abutment with each other when
the upper and lower shaits rotate relative to each other, so that
torque 1s transmitted between the upper and lower shatts via
the steering-side protrusion and the steering-side depression.

Furthermore, the present invention provides a damper
apparatus including: an input torque selecting mechanism
(for example, the input torque selecting mechanism 52, 152 1n
embodiments), which has an input shait, an output shait (for
example, an mput shatt 71, 171 and an output shaft 72, 172 1n
embodiments), and a housing (for example, a housing 67, 167
in embodiments) for rotatably supporting the respective
shafts, the mput torque selecting mechamism being con-
structed such that, when a torque 1s inputted from the 1nput
shaft, the mnput shait rotates the output shaift relative to the
housing, and when a torque 1s inputted from the output shaft,
the output shaft rotates the input shait and the housing; and a
damper (for example, a damper 51, 151 1n embodiments)
connected to the housing for damping the rotation of the
housing.

The above-mentioned damper apparatus may be con-
structed such that the damper apparatus further includes a
shaft (for example, a steering shait 45 1n embodiments) dis-
posed 1n a non-coaxial manner with respect to the iput shaft
and the output shaft, the shaft 1s divided 1into upper and lower
shafts (for example, upper and lower shaits 45a and 4556 1n
embodiments), and the upper and lower shalts are respec-
tively connected to either the input or output shaft of the input
torque selecting mechanism via gears (for example, gears
45¢c,45d,171a,172a,173a,173b,174a, and 1745 1n embodi-
ments).

The above-mentioned damper apparatus may be con-
structed such that one of the mput and output shafts of the
input torque selecting mechamism includes a protrusion (for
example, a protrusion 735 1n embodiments), and the other of
the mput and output shatts of the mput torque selecting
mechanism includes a depression (for example, a depression
74b 1n embodiments) in which the protrusion 1s loosely fitted
with a predetermined space (for example, a space S1 1n
embodiments) therebetween, the protrusion and the depres-
s1on being brought into abutment with each other when the
input and output shaits rotate relative to each other, so that
torque 1s transmitted between the upper and lower shatts via
the protrusion and the depression. On the other hand, one of
the upper and lower shaits imncludes a shaft-side protrusion
(for example, a shaft-side protrusion 177 in embodiments),
and the other of the upper and lower shaits includes a shaft-
side depression (for example, a shait-side depression 178 1n
embodiments) 1n which the shatft-side protrusion 1s loosely
fitted with a predetermined space (for example, a space S3 1n
embodiments) therebetween, the shaft-side protrusion and
the shaft-side depression being brought into abutment with
cach other when the upper and lower shafts rotate relative to
cach other, so that torque 1s transmitted between the upper and
lower shafts also via the shaft-side protrusion and the shafit-
side depression.

The above-mentioned damper apparatus may be con-
structed such that the mput torque selecting mechanism has
positioning means (for example, a mechanism-side position-
ing mechanism 182, 182' in embodiments) for determining a
neutral position 1n a rotating direction between the mput and
output shafits.
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The present invention has the effect of generating a damp-
ing force of the damper only when there 1s an mput from
cither the handlebar or the wheels and meeting to various
steering characteristics desired by a rider, for example, when
no damping force 1s applied to the mampulation of the handle-
bar or when information from a road surface 1s directly trans-
mitted to the handlebar and, in addition, the rider wishes to
obtain a sensation of the handlebar manipulation.

The present invention has the effect of relatively freely
disposing the damper at the circumierence of the input torque
selecting mechanism and easily changing the damping char-
acteristics through the change of a gear ratio.

The present mnvention has the effect of effectively using the
input shait and the output shatt of the input torque selecting
mechanism as the steering shatt.

The present invention has the effect of transmitting an input
from the handlebar to the wheel side without the generation of
a damping force, thereby keeping the steering of the handle-
bar light and smooth. On the other hand, the invention has the
cifect of transmitting an input from the road surface to the
handlebar side with the generation of a damping force,
thereby effectively restraining the rotation of a steering sys-
tem caused due to the irregularity of the road surface.

Furthermore, the present invention has the etfect of directly
transmitting an input from the road surface to the handlebar
side without the generation of a damping force, thereby accu-
rately transmitting information from the road surface to a
rider. On the other hand, the invention has the effect of trans-
mitting an input from the handlebar to the wheel side with the
generation of a damping force, thereby providing a good
sensation of the handlebar manipulation.

Furthermore, the present has the effect of applying a damp-
ing force to the rotation thereof only when there 1s an 1mput
from the output shatt.

Furthermore, the present invention has the effect of rela-
tively freely disposing the mput torque selecting mechanism
at the circumierence of the steering shaft. In addition, the
present invention has the effect of setting the speed of trans-
mission of rotation constant between the upper and lower
shafts of the steering shatt, and increasing or reducing the
speed of transmission of rotation between the mput and out-
put shatts of the input torque selecting mechanism, and the
steering shait as appropriate through the setting of a gear
ratio.

Furthermore, the present has the following effect. That 1s,
when performing the transmission of torque between the
upper and lower shatts of the steering shait via the protrusion
and depression of the input torque selecting mechanism, play
based on the space between the protrusion and the depression
1s produced between the upper and lower shaits with respect
to the rotational direction. At this time, since the rotation of
the steering shatt 1s imcreased 1n speed via the above-men-
tioned gears before being transmitted to the mput torque
selecting mechanism (that 1s, the rotations of the input and
output shaits of the mput torque selecting mechanism are
reduced 1n speed belfore being transmitted to the steering
shaft), the play between the upper and lower shailts based on
the above-mentioned space with respect to the rotational
direction can be kept small.

Furthermore, the present invention has the eflect of causing
the torsional reaction force of the torsion bar to be exerted at
the time of relative rotation between the upper and lower
shafts, thereby making 1t possible to maintain good steering
teel for the rnider.

Furthermore, the present invention has the effect of allow-
ing torque to be transmitted between the upper and lower
shafts also via the steering-side protrusion and steering-side
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depression of the steering shaft in addition to the protrusion
and depression of the input torque selecting mechanism, so
the load applied to, in particular, the projection of the input
torque selecting mechanism 1s suppressed, whereby the per-
formance required of the input torque selecting mechanism
can be reduced to achieve a reduction 1n size and weight as
well as a reduction 1n cost.

Furthermore, the present invention has the following
elfect. That 1s, by assembling the steering damper unit 1n the
state where the neutral position 1n the rotating direction of the
input and output shafts of the mnput torque selecting mecha-
nism1s determined and also the neutral position 1in the rotating
direction of the upper and lower shafts of the steering shatt 1s
determined, even when, 1n particular, the steering shait and
the 1nput torque selecting mechanism are disposed 1n a non-
coaxial manner, 1t 1s possible to prevent a rotational phase
difference (displacement of the neutral position) from occur-
ring between the steering shatt and the input torque selecting
mechanism.

Furthermore, the present invention has the effect of allow-
ing a damping force of the damper to be generated only when
there 1s an 1nput from either the handlebar or the wheels,
thereby making 1t possible to meet various steering charac-
teristics desired by a rider. Furthermore, by performing the
transmission of torque between the upper and lower shatts via
the steering-side protrusion and steering-side depression of
the steering shatt, the performance required of the nput
torque selecting mechanism particularly in terms of strength
with respect to the transmission torque can be reduced,
thereby achieving a reduction 1n the size and weight of the
iput torque selecting mechanism as well as a reduction 1n
COst.

Furthermore, the present invention has the effect of rela-
tively freely disposing the mput torque selecting mechanism
at the circumierence of the shaft. In addition, the present
invention has the effect of setting the speed of transmission of
rotation constant between the upper and lower shafts of the
shaft, and increasing or reducing the speed of transmaission of
rotation between the input and output shafts of the input
torque selecting mechanism, and the steering shatt as appro-
priate through the setting of a gear ratio.

Furthermore, the present invention has the effect of allow-
ing torque to be transmitted between the upper and lower
shafts also via the shaft-side protrusion and shatt-side depres-
s10n of the shaft 1n addition to the protrusion and depression
of the mput torque selecting mechanism, so the load applied
to, 1n particular, the projection of the input torque selecting
mechanism 1s suppressed, whereby the performance required
of the mput torque selecting mechanism can be reduced to
achieve a reduction 1n size and weight as well as a reduction
1n cost.

Furthermore, the present invention has the following
elfect. That 1s, by assembling the steering damper unit 1n the
state where the neutral position 1n the rotating direction of the
input and output shafts of the input torque selecting mecha-
nism 1s determined, even when the steering shatt and the input
torque selecting mechanism are disposed 1n a non-coaxial
manner, 1t 1s possible to prevent a rotational phase difference
(displacement of the neutral position) from occurring
between the shait and the mput torque selecting mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of a saddle-nde type four-wheeled
vehicle according to an embodiment of the present invention.

FIG. 2 1s a view taken 1n the direction indicated by the
arrow A of FIG. 1.



US 7,871,091 B2

7

FIG. 3 1s an explanatory view showing the construction of
a steering damper apparatus with a sectional view of a damper
unit.

FIGS. 4A to 4C are sectional views taken along the line
B-B of FIG. 3, of which FIG. 4A shows a neutral state in
which torque 1s not mputted to respective shatts, FIG. 4B
shows a state in which torque from an 1nput shait 1s inputted,
and FIG. 4C shows a state in which torque from an output
shaft 1s inputted.

FIG. 5 1s an explanatory view corresponding to FIG. 3,
showing a second embodiment of the present invention.

FIG. 6 1s an explanatory view corresponding to FIG. 3,
showing a third embodiment of the present invention.

FIGS. 7A and 7B are side views showing arrangement
examples of a damper unit according to the third and a fourth
embodiments of the present invention.

FIG. 8 1s an explanatory view corresponding to FIG. 3,
showing the fourth embodiment of the present invention.

FIG. 9 1s an explanatory view corresponding to FIG. 3,
showing a fifth embodiment of the present invention.

FIG. 10 1s an explanatory view corresponding to FIG. 3,
showing a sixth embodiment of the present invention.

FIG. 11 1s an explanatory view corresponding to FIG. 3,
showing a seventh embodiment of the present invention.

FIG. 12 1s an explanatory view corresponding to FIG. 3,
showing an eighth embodiment of the present invention.

FIG. 13 1s a sectional view taken along the line A-A of FIG.
12.

FIG. 14 1s an explanatory view corresponding to FIG. 3,
showing a ninth embodiment of the present invention.

FIG. 15 1s an explanatory view corresponding to FIG. 3,

showing a tenth embodiment of the present invention.
FI1G. 16 1s a sectional view taken along the line A-A of FIG.

15.

FI1G. 17 1s a sectional view taken along the line B-B (B'-B')
of FIG. 15.

FIG. 18 1s an explanatory view corresponding to FIG. 3,
showing an eleventh embodiment of the present invention.

FIG. 19 1s an explanatory view corresponding to FIG. 3,
showing a twelifth embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, embodiment of the present invention will be
described with reference to the accompanying drawings. In
the following description, directions, such as front, rear, left,
and right, are the same as directions of a vehicle unless the
directions are particularly indicated. Also, 1in the drawings,
the arrow FR 1indicates the front of the vehicle, the arrow LH
indicates the left of the vehicle, and the arrow UP indicates the
upper side of the vehicle.

Embodiment 1

A saddle-ride type four-wheeled vehicle 1 as an all terrain
vehicle 1s shown 1n FIG. 1. Left- and rnight-side front wheels
3 are suspended from the front part of a body frame 2 posi-
tioned at the middle 1n the vehicle width direction (the lateral
direction) via an independent suspension type front suspen-
sion 4. Left- and rnight-side rear wheels 3 are suspended from
the rear part of the body frame 2 via an axle suspension type
rear suspension 6. The first half upper part of the body frame
2 1s covered by a body cover 7. At both the left and right sides
of the body cover 7 are mounted front fenders 8, respectively.
Atrear of the body frame 7 1s disposed a seat 9. At both the left
and right sides of the seat 9 are mounted rear fenders 10,
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respectively. Below the seat9 1s mounted a stepper 11, which
protrudes to the left and right sides.

At the front part of the body frame 2 are disposed a pair of
left- and night-side front pipes 13, which are inclined forward
and rearward. To the lower ends of the respective front pipes
13 are connected front lower pipes 14, which approximately
horizontally extend rearward. To the rear parts of the respec-
tive front lower pipes 14 are connected lower pipes 15, which
extend rearward. The rear parts of the respective lower pipes
15 are bent upward to form left- and right-side center pipes
16. Between the upper ends of the respective center pipes 16
1s connected via a cross pipe 17, which extends to the left and
right sides.

Between the upper ends of the respective front pipes 13 and
the middle parts of the respective center pipes 16 are disposed
left- and right-side main pipes 18, which are arranged such
that the rear ends of the respective left- and right-side main
pipes 18 are lowered. Between the middle parts of the respec-
tive front pipes 13 and the front parts of the respective lower
pipes 15 are disposed front side pipes 19, which are arranged
such that the rear ends of the respective front side pipes 19 are
lowered. To the middle parts of the main pipes 18 are joined
the front ends of left- and right-side seat rail pipes 20, respec-
tively. The respective seat rail pipes 20 linearly extend rear-
ward from the main pipes 18 through the upper ends of the
center pipes 16 (the opposite ends of the cross pipe 17).
Between the rear parts of the respective seat rail pipes 20 and
the lower parts of the respective center pipes 16 are disposed
left- and right-side reinforcing pipes 21. Between the upper
ends of the respective front side pipes 19 and the middle parts
of the respective main pipes 18 are disposed left- and right-
side reinforcing pipes 22, which are arranged 1n the same line
as the respective seat rail pipes 20.

Reference 1s also made to FIG. 2, a cross member 23 1s
mounted to the left- and right-side front pipes 13 between the
vicinities of the coupling parts between the left- and right-
side front pipes 13 and the front side pipes 19 in such a manner
that the cross member 23 extends to the left and right sides. At
both the left and right ends of the cross member 23 are
mounted upper end supporting parts 23a for supporting the
upper ends of front cushions 4a. Between the upper ends of
the respective front pipes 13 1s disposed a cross stay 24, which
extends to the left and right sides. Between the respective
lower pipes 15 are disposed a cross plate 25 and cross mem-
bers 26 and 27, which extend to the left and right sides 1n front
of the front side pipes 19. At both the left and right ends of the
respective cross members 26 and 27 are mounted arm sup-
porting parts 26a and 27a that support the bases of suspension
arms for suspending the front wheels 3. The lower ends of
front bumpers 28 are supported by the tip ends of the respec-
tive front lower pipes 14.

At the front sides of the lower parts of the respective center
pipes 16 are mounted left- and right-side pivot brackets 31 for
supporting the front end of a rear swing arm 30, respectively.
The rear end of the rear swing arm 30 is journalled to the
respective rear wheels 5 via an axle, which extends to the left
and right sides. At the middle part of the cross pipe 17 is
mounted a bracket 32 for supporting the upper end of a rear
cushion 6a. At the middle of the rear part of the rear swing arm
30 1s mounted a bracket 33 for supporting the lower end of the
rear cushion 6a.

Inside the body frame 2 1s mounted an engine 35, which 1s
a prime motor of the saddle-ride type four-wheeled vehicle 1.
The output from the engine 35 1s transmitted to the left- and
right-side rear wheels 5 via an endless chain 37 runmng
around the output shaft of the engine 35 and the axle of the
rear wheels 5.
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Above the front parts of the main pipes 18 1s disposed a fuel
tank 38. At the rear of the fuel tank 38 i1s disposed an air

cleaner case 39, which 1s lower than the fuel tank 38. To the

front part of the air cleaner case 39 1s connected the upstream
side of a carburetor 40, and the downstream side of the car-
buretor 40 1s connected to an intake port of the engine 35. At
the rear of the air cleaner case 39 1s disposed a battery 41. An
exhaust pipe 42 extends downward from a cylinder part of the
front part of the engine 35. The exhaust pipe 42 1s curved to
the right side of the cylinder part, extends upward, and 1s then
bent rearward. The exhaust pipe 42 1s connected to a silencer
43, which 1s disposed at the right side of the rear part of the
vehicle body.

At the middle of the front part of the body frame 2 1s
mounted a steering shatit 45, which vertically extends through
the body frame 2. The upper part of the steering shait 45 1s
supported by the cross stay 24, and the lower end of the
steering shait 45 1s supported by a steering lower holder 254
disposed at the middle of the cross plate 25.

The steering shait 45 vertically extends 1n a straight line at
the middle of the front part of the vehicle body 1n the lateral
direction. The steering shaft 45 1s slightly inclined such that
the upper side of the steering shait 45 is located at the rear.
The steering shaft 45 1s supported by the body frame 2 such
that the steering shait 45 can be rotated about the axis of the
steering shait 45. To the upper end of the steering shait 45 1s
attached a bar-type handlebar 46 via a holder. On the other
hand, one end of each left- and night-side tie rods 48 1s
connected to the lower end of the steering shait 45 via a center
arm 47. The other end of each left- and right-side tie rods 48
1s connected to a knuckle 49 (see F1G. 3), which 1s journalled
to the corresponding one of the left- and right-side front
wheels 3. The rotation of the handlebar 46 1s transmitted to the
left- and right-side front wheels 3 via the steering shait 45 and
the left- and right-side tie rods 48, thereby steering the lett-
and right-side front wheels 3. Heremaftter, the axis of the
steering shatt 45 will be indicated by C.

At the middle part of the steering shatt 45 1n the vertical
direction 1s mounted a steering damper unit 30, through
which the steering shaft 45 extends vertically. The steering
damper unit 30 1s constructed 1n a structure 1n which a damper
51 and an input torque selecting mechanism 52, which will be
described below, 1s received 1n a single-body outer case 53.
The steering damper unit 50 1s disposed between the cross
stay 24 and the cross plate 25. The steering damper unit 50 1s

fixed to the body frame 2 via stays 13a extending from the
respective left- and night-side front pipes 13.

As shown 1n FIG. 3, the steering damper unit 50 1s con-
structed 1n a structure 1n which the damper 51 1s mounted 1n
the lower part of the outer case 53 for damping the rotation of
the steering shait 45 about the axis of the steering shait 45
(which may be hereinafter simply referred to as the rotation),
and the mmput torque selecting mechanism 32 1s disposed 1n
the upper part of the outer case 53.

The outer case 53 1s a box-shaped case constructed 1n a
structure 1n which the top and bottom ends of an outer cir-
cumierential wall 54 are blocked by top and bottom walls 535
and 56, respectively. In the middle parts of the top and bottom
walls 55 and 56 are formed top and bottom insertion holes,
through which the steering shaft 45 1s 1nserted. The outer
circumierence of the steering shaft 43 1s rotatably supported
by the mnner circumierences of the respective insertion holes.
The outer case 33 1s supported by the left- and right-side front
pipes 13 via the stays 13a.
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The damper 51 1s a small-sized and lightweight rotary type
member. The damper 51 has an inner damper member 57 and
an outer damper member 61, which are disposed coaxially
with the steering shatt 45.

The inner damper member 57 has a cylindrical collar part
58, through which the steering shait 45 1s inserted, and a
flange part 59 formed at the lower end of the collar part 58.
The lower surface of the flange part 59 abuts on the upper
surface of the bottom wall 56 of the outer case 53, and an
engaging part 59a protruding downward from the lower sur-
face of the flange part 59 1s engaged 1n an engaging groove
56a formed at the upper surface of the bottom wall 56 1n a
depressed shape, whereby the mner damper member 57 1s
engaged with the outer case 53 1n such a manner that the inner
damper member 57 cannot be rotated relative to the outer case
53.

The outer damper member 61 1s an annular member sur-
rounding the outer circumierence of the collar part 38. The
outer damper member 61 has an outer circumierential wall 62
and top and bottom walls 63 and 64 extending from the upper
and lower ends of the outer circumierential wall 62 to the
inner circumierential side. The outer damper member 61 1s
formed with an approximately U-shaped section opened to
the inner circumierential side 1n the section perpendicular to
the circumierential direction (the rotating direction) of the
outer damper member 61. The top wall 63 of the outer damper
member 61 1s integrally formed with a bottom wall 70 of a
housing 67 in the input torque selecting mechanism 32. The
outer damper member 61 1s rotatably supported by the steer-
ing shait 45 together with the housing 67.

The inner circumierences of the top and bottom walls 63
and 64 of the outer damper member 61 abut on the outer
circumierence of the collar part 58 of the inner damper mem-
ber 57 1n an oiltight state and 1n such a manner that the outer
damper member 61 can be rotated relative to the inner damper
member 57, whereby the outer damper member 61 forms an
annular o1l chamber together with the inner damper member
57. In the o1l chamber are disposed, for example, a plurality of
stationary disks 63, which are stacked one on another along
the axis. In addition, the o1l chamber 1s filled with a viscous
fluid, such as silicon o1l. The respective disks 65 are attached
to the outer circumierence of the collar part 58 of the inner
damper member 57 such that the respective disks 65 cannot
be rotated relative to the collar part 58 of the inner damper
member 57. When the outer damper member 61 (the housing
67) 1s rotated relative to the collar part 58 (the outer case 53),
resistance 1s generated from the respective disk 635 due to the
viscous Iriction between the respective disks 65 and the vis-
cous fluid, thereby absorbing the energy of the relative rota-
tion. In other words, a damping force 1s applied to the relative
rotation torque of the housing 67 to the outer case 53.

The input torque selecting mechanism 32 1s constructed in
a structure in which an input shait 71 protrudes from the upper
part of the housing 67, which constitutes a portion of a clutch
mechanism thereot, and an output shatt 72 protrudes from the
lower part of the housing 67.

The respective shafts 71 and 72 are disposed coaxially with
the steering shait 45. The respective shafts 71 and 72 are
arranged such that one end of the shaft 71 faces one end of the
shaft 72 in the housing 67. The steering shait 45 1s divided into
upper and lower parts in the outer case 53. An upper shait 45a,
which constitutes the upper part of the steering shaft 45,
constitutes the mput shatt 71, and a lower shaft 4556, which
constitutes the lower part of the steering shaft 45, constitutes
the output shait 72. Alternatively, the respective shafts 71 and
72 may be constructed separately from the upper and lower
shafts 45a and 4556 constituting the steering shaft 45.
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At the lower end of the 1input shait 71 and the upper end of
the output shait 72 are integrally formed 1nput-side and out-
put-side plate parts 73 and 74, respectively, which are formed
in the shape of a disk, and are disposed coaxially with the
input shaft 71 and the output shatt 72.

Reference 1s also made to FIGS. 4A to 4C, the mput-side
plate part 73 1s constructed 1n a structure 1n which a plurality
ol ribs 73a protrude from the outer circumierential part of the
disk-shaped plate body to the output shaft 72 side, and a
plurality of protrusions 735 protrude from the middle part of
the plate body 1n the diametrical direction to the output shaft
72 side. The respective ribs 73a and the protrusions 735 are
arranged at regular intervals in the circumierential direction
of the plate body.

On the other hand, the output-side plate part 74 has a plate
body less in diameter and greater 1n thickness than the plate
body of the input-side plate part 73. The output-side plate part
74 1s constructed in the shape of a polygon when viewed inthe
direction indicated by arrows along the axis (in the axial

direction). The output-side plate part 74 has a plurality of flat
cam surfaces 74a formed at the outer circumierential surface
thereol 1n such a manner that the flat cam surfaces 74a are
arranged at regular intervals in the circumierential direction.
The output-side plate part 74 1s provided at the middle part
thereol 1n the diametrical direction with a plurality of depres-
sions 74b corresponding to the respective protrusions 735 of
the 1input-side plate part 73. The respective protrusions 735
are engaged 1n the corresponding depressions 745. While the
protrusions 735 are engaged 1n the middle parts of the respec-
tive depressions 74b (see FIG. 4A), a space S1 1s formed
between the mner circumierences of the depressions 745 and
the outer circumierences of the protrusions 735 in the rotating
direction of the respective shafts 71 and 72.

The housing 67 1s an annular member surrounding the
outer circumierences of the one-end sides of the respective
shafts 71 and 72. The housing 67 has an outer circumierential
wall 68 and top and bottom walls 69 and 70 extending from
the upper and lower ends of the outer circumierential wall 68
to the iner circumierential side. The housing 67 1s formed
with an approximately U-shaped section opened to the inner
circumierential side in the section perpendicular to the cir-
cumierential direction of the housing 67. The bottom wall 70
of the housing 67 1s integrally formed with the outer damper
member 61, as previously described. The housing 67 1s rotat-
ably supported by the outer circumierences of the respective
shafts 71 and 72 at the iner circumierences of the top and
bottom walls 69 and 70 of the housing 67 while the respective
plate parts 73 and 74 are recerved 1n the housing 67.

The outer circumierential wall 68 of the housing 67 has a
cylindrical inner circumierential surface 68a, which 1s circu-
lar when viewed 1n the axial direction. The outer circumier-
ential surface (the cam surfaces 74a) of the output-side plate
part 74 1s disposed inside the inner circumierential surface
68a of the housing 67 such that the outer circumierential
surface of the output-side plate part 74 1s spaced a predeter-
mined distance from the 1inner circumierential surface 68a of
the housing 67. The respective ribs 73a of the input-side plate
part 73 are disposed with tolerance 1n the space.

While the respective plate parts 73 and 74 are opposite to
cach other, and the protrusions 735 are received in the respec-
tive depressions 74b, the respective cam surfaces 74a are
positioned between the neighboring ribs 73a 1n the space.
Pairs of rollers 75, serving as engaging members of the
respective shaits 71 and 72, are received in a space defined
between the neighboring ribs 73a (hereinatfter, referred to as
an engagement space K) disposed between the respective cam
surfaces 74a and the inner circumierential surface 68a.
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As shown 1n FIG. 4 A, the respective rollers 75 are cylin-
drical members extending along the axis. A compression coil
spring 76 1s disposed between each roller pair in the engage-
ment space K between the ribs 73a 1n a compressed state. By
the spring force of the coil spring 76, both the rollers 75 are
biased to opposite sides in the circumierential direction 1n the
engagement space K. Since each engagement space K 1is
formed such that the diametrical widths of the opposite sides
in the circumierential direction 1s less than the diametrical
width of the middle part in the circumierential direction, and
the rollers 75 are biased as described above, both the rollers
75 serve as wedges fitted in the space between the corre-
sponding cam surface 74a of the output-side plate part 74 and
the 1nner circumierential surface 68a of the housing 67,
whereby the output-side plate part 74 (the output shaft 72) and
the housing 67 are engaged with each other 1n such a manner
that the output-side plate part 74 and the housing 67 cannot be
rotated relative to each other.

While the protrusions 7356 are positioned 1n the middle
parts of the respective depressions 74b, a space S2 1s formed,
in the rotating direction of the respective shatts, between both
the rollers 75 located 1n such a manner that the rollers 73 are
wedged between the respective plate parts 73 and 74 and the
ribs 73a positioned at the opposite sides of the rollers 75 1n the
circumierential direction. Here, the space S2 1s smaller than
the space S1.

The steering damper apparatus according to this embodi-
ment has the above-described construction. Hereinafter, the
operation of the steering damper apparatus will be described.

First, as shown in FIG. 4A, 1n a state in which no torque 1s
inputted to any one of the upper and lower shafts 45a and 455
(the respective shafts 71 and 72) of the steering shait 45 (a
state 1n which no relative rotation torque 1s applied to the
respective shaits 71 and 72, which will be hereinatter referred
to as a neutral position), a pair of rollers 75 in each engage-
ment space K are biased such that the rollers 75 are spaced
apart from each other by the compression coil spring 76, and
the rollers 75 are wedged between the cam surface 74a of the
output-side plate part 74 and the inner circumierential surface
68a of the housing 67. At thus time, the space S2 1s formed
between the respective ribs 73a and the neighboring rollers 75
in the rotating direction, and the space S1 1s formed between
the iner circumierences of the respective depressions 745
and the outer circumierences of the corresponding protru-
sions 735b 1n the rotating direction.

Next, when a torque 1s inputted to the input shaft 71, for
example, 1n a clockwise direction on the drawing, and there-
fore, the input-side plate part 73 1s rotated relative to the
output-side plate part 74 from the above-mentioned neutral
state, as shown 1n FIG. 4B, the rib 73a adjacent to the down-
stream side in the rotating direction abuts on the roller 75
located at the downstream side 1n the rotating direction 1n
cach engagement space K with the space S2 not being formed
therebetween. At this time, the roller 75 located at the down-
stream side 1n the rotating direction 1s pushed to the upstream
side 1n the rotating direction against the biasing force of the
coill spring 76. As a result, the wedge-type engagement
between the output-side plate part 74 and the housing 67 1s
released.

At the time when the rib 73a abuts on the corresponding
roller 75, on the other hand, the inner circumterences of the
depressions 745 and the outer circumierences of the protru-
s1ons 7356 do not still abut on each other. When the input-side
plate part 73 performs a relative rotation from this state, the
inner circumierences of the depressions 745 and the outer
circumierences of the protrusions 735 abut on each other with
the space S1 not being formed therebetween. As a result, the
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respective plate parts 73 and 74 are engaged with each other
in such a manner that the respective plate parts 73 and 74
cannot be rotated relative to each other.

In addition, the roller 735 located at the upstream side 1n the
rotating direction in each engagement space K 1s moved in the
direction 1n which the diametrical width of the engagement
space K between the cam surface 74a and the inner circum-
terential surface 68a of the housing 67 1s increased, whereby
the wedge-type engagement between the output-side plate
part 74 and the housing 67 1s released. As a result, the torque
from the mput-side plate part 73 1s not transmitted to the
housing 67, and therefore, the relative rotation between the
input-side plate part 73 and the housing 67 1s allowed.

That 1s to say, when the torque 1s inputted to the input shaft
71, therespective shafts 71 and 72 are rotated together relative
to the housing 67, while the housing 67 1s stopped. Conse-
quently, the damper 51 does not apply a damping force to the
torque inputted to the mnput shatt 71, thereby keeping the
steering of the handlebar light and smooth. Also, even when a
torque 1s mputted to the mput shait 71 1n a counterclockwise
direction on the drawing, the input torque 1s not damped 1n the
same manner as above. That 1s to say, the torque 1s transmitted
from the mput shatt 71 to the output shaft 72 in a non-damped

state wrrespective of the rotating directions of the input shaft
71.

On the other hand, when a torque 1s inputted to the output
shaft 72, for example, 1n the clockwise direction, and there-
fore, the output-side plate part 74 1s rotated relative to the
input-side plate part 73 from the neutral state, as shown 1n
FIG. 4C, the roller 75 located at the downstream side 1n the
rotating direction 1n each engagement space K maintains the
wedge-type engagement between the output-side plate part
74 and the housing 67, and the output-side plate part 74 1s
rotated relative to the input-side plate part 73. At this time, the
r1ib 73a located at the downstream side in the rotating direc-
tion 1s not adjacent to the roller 75 located at the downstream
side 1n the rotating direction (the rib 73a 1s separated from the
corresponding roller 75). As a result, the wedge-type engage-
ment 1s not released by the rib 73a. Consequently, the relative
rotation between the output-side plate part 74 and the housing,
67 via the roller 75 1s not allowed, and therefore, the torque 1s
transmitted from the output-side plate part 74 to the housing,
67. Also, the rib 73a abuts on the roller 75 located at the
upstream side 1n the rotating direction 1n each engagement
space K; however, the roller 75 1s not i the wedge-type
engagement when the output-side plate part 74 1s rotated.

When the input-side plate part 73 performs a relative move-
ment from the above-described state, the inner circumfer-
ences of the depressions 745 and the outer circumierences of
the protrusions 735 abut on each other with the space S1 not
being formed therebetween. As a result, the respective plate
parts 73 and 74 are engaged with each other in such a manner
that the respective plate parts 73 and 74 cannot be rotated
relative to each other.

That 1s to say, when the torque 1s inputted to the output shaft
72, the respective shafts 71 and 72 and the housing 67 are
rotated together. Consequently, the damper 51 applies a
damping force to the torque mputted to the output shait 72,
and therefore, the rotation of the steering system caused due
to the 1rregularity of a road surface 1s restrained. Also, even
when a torque 1s iputted to the output shaft 72 1n a counter-
clockwise direction on the drawing, the input torque is
damped 1n the same manner as above. That 1s to say, the
torque 1s transmitted from the output shaft 72 to the input
shaft 71 1n a damped state 1irrespective of the rotating direc-
tions of the output shaft 72.
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As described above, the steering damper apparatus accord-
ing to this embodiment includes the body frame 2, the left-
and right-side front wheels 3 suspended by the body frame 2,
the steering shatt 45 rotatably supported by the body frame 2,
one end of the steering shaft 45 being connected to the front
wheel 3 side, the handlebar 46 connected to the other end of
the steering shait 45 for rotating the steering shaft 45 to steer
the left- and right-side front wheels 3, and the damper 51 for
damping the rotation of the steering, shaft 45. Consequently,
the rotation of the steering shait 45 1s damped by the damper
51 only when a torque from a road surface 1s inputted.

More specifically, the steering damper apparatus includes
the mput torque selecting mechanism 52, which has the input
shaft 71, the output shaft 72, and the housing 67 for rotatably
supporting the respective shafts 71 and 72, and constructed
such that, when a torque 1s inputted from the input shaft 71,
the 1input shait 71 rotates the output shaft 72 relative to the
housing 67, and, on the other hand, when a torque 1s 1nputted
from the output shaft 72, the output shaft 72 rotates the input
shaft 71 and the housing 67. The input shait 71 1s connected
to the handlebar 46 side, and the output shatt 72 1s connected
to the front wheel 3 side. The housing 67 1s connected to the
damper 51. The respective shatfts 71 and 72 are rotated to steer
the left- and right-side front wheels 3. Consequently, when
the housing 67 1s rotated, the rotation of the housing 67 1s
damped by the damper 51.

According to the above-described construction, when the
handlebar 46 or any one of the left- and right-side front
wheels 3 1s selected as the output shaft 72 side, 1t 1s possible
to generate a damping force of the damper 51 only when there
1s an 1nput from the output shait 72. Consequently, 1t 1s pos-
sible to meet various steering characteristics desired by a
rider, for example, when no damping force 1s applied to the
mampulation of the handlebar or when information from the
road surface 1s directly transmitted to the handlebar 46 and, in
addition, the rider wishes to obtain a sensation of the handle-
bar manipulation.

In addition, 1n the steering damper apparatus, a part of the
steering shaft 435 1s constituted by the input shait 71 and the
output shaft 72 of the input torque selecting mechanism 52.
Consequently, 1t 1s possible to advantageously use the 1nput
shaft 71 and the output shait 72 of the input torque selecting
mechanism 32 as the steering shaft 45. Also, 1t 1s possible to
reduce the number of components of the steering system.

Furthermore, 1n the steering damper apparatus, the 1nput
shaft 71 of the mput torque selecting mechanism 52 1s con-
nected to the handlebar 46 side, and therefore, the mnput from
the handlebar 46 1s transmitted to the front wheel 3 side
without the generation of a damping force, whereby 1t 1s
possible to keep the steering of the handlebar 46 light and
smooth. On the other hand, the mnput from the road surface 1s
transmitted to the handlebar 46 side with the generation of a
damping force, and therefore, 1t 1s possible to effectively
restrain the rotation of the steering system caused due to the
irregularity of the road surface.

Embodiment 2

Heremnafiter, a second embodiment of the present invention
will be described.

As shown 1n FIG. §, a steering device according to this
embodiment 1s principally different from the one according to
the first embodiment 1n that the steering damper unit 50 1s
mounted upside down, and the mput shaft 71 of the input
torque selecting mechamism 52 1s connected to the front
wheel side while the output shait 72 of the mput torque
selecting mechanism 52 1s connected to the handlebar 46.
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Consequently, parts of this embodiment 1dentical to those of
the previous embodiment are denoted by the same reference
symbols, and the description thereot will not be given.

The steering damper unit 50 according to this embodiment
1s constructed 1n a structure in which the damper 51 1s dis-
posed 1n the upper part of the outer case 53, and the input
torque selecting mechanism 52 1s disposed 1n the lower part of
the outer case 33.

The mput torque selecting mechanism 52 1s constructed in
a structure in which the output shatt 72 protrudes from the
upper part of the housing 67, and the input shaft 71 protrudes
from the lower part of the housing 67. The output shaft 72
constitutes the upper shatt 45q of the steering shait 45, and the
input shatt 71 constitutes the lower shaft 455 of the steering
shaft 45. The input- and output-side plate parts 73 and 74 are
integrally formed at the neighboring ends of the respective
shafts 71 and 72, respectively.

The damper 51 has the inner damper member 57 and the
outer damper member 61, which are disposed coaxially with
the steering shait 45. The engaging part 39q 1s engaged 1n the
engaging groove 56qa of the outer case 33, whereby the 1nner
damper member 57 1s engaged with the outer case 53 1n such
a manner that the inner damper member 57 cannot be rotated
relative to the outer case 53. When the outer damper member
61 is rotated relative to the inner damper member 57, the
energy ol the relative rotation 1s absorbed by the viscous
friction 1n the outer damper member 61 (a damping force 1s
applied to the relative rotation torque of the outer damper
member 61 to the inner damper member 57).

The steering damper apparatus according to this embodi-
ment has the above-described construction. Hereinatter, the
operation of the steering damper apparatus will be described.

First, a pair of rollers 75 1n each engagement space K are
engaged with the cam surface 74a of the output-side plate part
74 and the inner circumierential surface 68a of the housing 67
in a wedge fashion at the neutral position (see F1G. 4A). When
a torque rotating about the axis 1s inputted to the input shaft 71
from this state, the wedge-type engagement of the respective
rollers 75 1s released, and the torque 1s transmitted from the
input-side plate part 73 to the output-side plate part 74 (see
FIG. 4B).

That 1s to say, when the torque 1s inputted to the input shaft
71, the respective shafts 71 and 72 are rotated together, while
the housing 67 1s stopped. Consequently, the damper 51 does
not apply a damping force to the torque inputted to the input
shaft 71 of the wheel side, and therefore, the input from the
road surface 1s directly transmitted to the handlebar 46 side.

On the other hand, when a torque rotating about the axis 1s
inputted to the output shait 72 from the neutral state, the roller
75 located at the downstream side 1n the rotating direction 1n
cach engagement space K maintains the wedge-type engage-
ment between the output-side plate part 74 and the housing
67, and the torque 1s transmitted from the output-side plate
part 74 to the mput-side plate part 73 (see FI1G. 4C).

That 1s to say, when the torque 1s inputted to the output shaft
72, the respective shafts 71 and 72 and the housing 67 are
rotated together. Consequently, the damper 51 applies a
damping force to the torque mputted to the output shaft 72,
and therefore, a good sensation of the handlebar manipulation
1s provided.

As described above, 1t 1s possible for the steering damper
apparatus according to this embodiment to generate a damp-
ing force of the damper 51 only when there 1s an mput from
the handlebar 46 and to meet various steering characteristics
desired by arider, 1n the same manner as the first embodiment.

In addition, the steering damper apparatus, the input shaft
71 of the 1input torque selecting mechanism 152 1s connected
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to the front wheel 3 side. Consequently, the mput from the
road surface 1s directly transmitted to the handlebar 46 side
without the generation of a damping force, and therefore, 1t 1s
possible to accurately transmit the information from the road
surface to the rider. On the other hand, the input from the
handlebar 46 1s transmitted to the front wheel 3 side with the
generation ol a damping force, and therefore, 1t 1s possible to
provide a good sensation of the handlebar manipulation.

Embodiment 3

Heremaftter, a third embodiment of the present invention
will be described.

As shown 1n FIG. 6, a steering damper apparatus according
to this embodiment 1s principally different from the ones
according to the first and second embodiments 1n that a
damper 151 and an mput torque selecting mechanmism 152
disposed 1n a non-coaxial manner, respectively, and the
damper 151 and a housing 167 of the input torque selecting
mechanism 152 are connected with each other via gears 157a
and 167a. Consequently, parts of this embodiment 1dentical
to those of the previous embodiments are denoted by the same
reference symbols, and the description thereof will not be
gIven.

A steering damper unit 150 according to this embodiment
1s constructed 1n a structure 1n which the input torque select-
ing mechanism 152 1s disposed 1n a space located coaxially
with the steering shaft 45 1n an outer case 133, and the damper
151 1s disposed 1n a space oifset from the steering shatt 45 1n
the outer case 153.

The outer case 153 1s a box-shaped case constructed 1n a
structure 1n which the top and bottom ends of an outer cir-
cumierential wall 154 are blocked by top and bottom walls
155 and 156, respectively. In the top and bottom walls 155 and
156 are formed top and bottom 1nsertion holes, through which
the steering shaft 45 1s inserted. The outer circumierence of
the steering shait 45 1s rotatably supported by the 1nner cir-
cumierences of the respective msertion holes. The outer case
153 1s supported by the left- and right-side front pipes 13 via
the stays 13a.

The mput torque selecting mechanism 152 1s constructed
in a structure in which an iput shaft 171 protrudes from the
upper part of the housing 167, and an output shaft 172 pro-
trudes from the lower part of the housing 167.

The respective shafts 171 and 172 are disposed coaxially
with the steering shait 45. The respective shafts 171 and 172
are arranged such that one end of the shait 171 faces one end
of the shaft 172 in the housing 167. The input shatt 171
constitutes the upper shait 45q of the steering shaft 45, and the
output shait 172 constitutes the lower shaft 456 of the steering
shaft 45. Alternatively, the respective shaits 171 and 172 may
be constructed separately from the upper and lower shafts 45a
and 43b.

At the one end of the input shaift 171 and the one end of the
output shaft 172 are integrally formed the input-side and
output-side plate parts 73 and 74, respectively, which are
formed 1n the shape of a disk, and are disposed coaxially with
the respective shafts 171 and 172. As compared with the
housing 67, the housing 167 1s constructed 1n a structure in
which the outer damper member 61 1s separated from the
housing 167, 1n which the respective plate parts 73 and 74 are
received, and the drive gear 1674 1s integrally formed at the
outer circumierence of the upper part of the outer circumfier-
ential wall 68. The outer circumierences of the respective
shafts 171 and 172 are rotatably supported by the 1inner cir-
cumierences of the top and bottom walls 69 and 70 extending
from the upper and lower ends of the outer circumierential
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wall 68 to the inner circum{ierential side. A clutch mechanism,
which 1s constituted by the housing 167 and components
mounted in the housing 167, 1s disposed in the upper part of
the outer case 153.

The damper 151 has a supporting shatt 157 ofiset from the
steering shait 45 and an outer damper member 161, which 1s
disposed coaxially with the supporting shait 157.

The supporting shait 157 extends from the top wall 155 to
the bottom wall 156 of the outer case 153. The upper and
lower ends of the supporting shaft 157 are rotatably supported
by the upper and lower walls 155 and 156. The driven gear
157a, which 1s engaged with the drive gear 1674, 1s integrally
formed at the middle part of the supporting shait 157 in the
vertical direction.

The outer damper member 161 1s an annular member sur-
rounding the outer circumierence of the supporting shatt 157
below the driven gear 157a. The outer damper member 161
has an outer circumierential wall 162 and top and bottom
walls 163 and 164 extending from the upper and lower ends of
the outer circumierential wall 162 to the inner circumierential
side. The outer damper member 161 1s formed with an
approximately U-shaped section opened to the mnner circum-
terential side 1n the section perpendicular to the circumieren-
tial direction (the rotating direction) of the outer damper
member 161. At the lower surface of the bottom wall 164 of
the outer damper member 161 1s mounted an engaging part
164a, which protrudes downward. The engaging part 164a 1s
engaged 1n an engaging groove 156a formed at the upper
surface of the bottom wall 156 of the outer case 153 1n a
depressed shape, whereby the outer damper member 161 1s
engaged with the outer case 153 1n such a manner that the
outer damper member 161 cannot be rotated about the sup-
porting shaft 157 relative to the outer case 153.

The 1nner circumierences of the top and bottom walls 163
and 164 of the outer damper member 161 abut on the outer
circumierence of the supporting shaft 157 1n an oiltight state
and 1n such a manner that the outer damper member 161 can
be rotated relative to the supporting shatt 157, whereby the
outer damper member 161 forms an annular o1l chamber
together with the supporting shait 157. In the o1l chamber are
disposed, for example, a plurality of stationary disks 165,
which are stacked one on another along the axis. In addition,
the o1l chamber 1s filled with a viscous fluid, such as silicon
o1l. The respective disks 165 are attached to the outer circum-
terence of the supporting shaft 157 such that the respective
disks 165 cannot be rotated relative to the supporting shatt
157. When the supporting shaft 157 1s rotated relative to the
outer damper member 161, resistance 1s generated from the
respective disk 165 due to the viscous Iriction between the
respective disks 165 and the viscous fluid, thereby absorbing
the energy of the relative rotation (a damping force 1s applied
to the relative rotation torque of the supporting shait 157 to
the outer damper member 161).

A damper mechanism, which 1s constituted by the outer
damper member 161 and components mounted in the outer
damper member 161, 1s disposed in the lower part of the outer
case 153. One side of the damper mechanism overlaps with
one side of the housing 167 of the mput torque selecting
mechanism 152 1n the vertical direction (rough when viewed
in the axial direction), and therefore, the receving space 1n
the outer case 153 1s efficiently used. In addition, the damper
151 1s disposed while being offset from the iput torque
selecting mechanism 152, and therefore, the vertical width of
the outer case 153 (the steering damper unit 150) 1s reduced as
compared with the case that the damper 151 and the mput
torque selecting mechanism 152 are disposed coaxially with
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cach other while the damper 151 and the mput torque select-
ing mechanism 152 overlap with each other (see the first and
second embodiments).

Moreover, the steering damper unit 150 1s constructed in a
structure 1n which the damper 151 1s offset from the 1nput
torque selecting mechanism 152, and therefore, the part for
receiving the damper 151 protrudes when viewed 1n the axial
direction. When the protruding part'T 1s disposed such that the
protruding part T 1s located in front of the steering shait 45, as
shown 1n FIG. 7A, the cooling effect of the damper 151 by
traveling wind 1s improved. On the other hand, even when the
protruding part T 1s disposed such that the protruding part T 1s

located at the rear of the steering shaft 45, as shown 1n FIG.
7B, the protruding part T 1s adjacent to an engine cooling line
or a radiator line, and therefore, the protruding part T 1s
elfectively cooled. In addition, the protruding part T 1s located
turther adjacent to the 1nside of the body frame 2, and there-
fore, the protruding part T 1s more effectively protected from
flying stones.

The steering damper apparatus according to this embodi-
ment has the above-described construction. Hereinatter, the
operation of the steering damper apparatus will be described.

First, a pair of rollers 75 1n each engagement space K are
engaged with the cam surface 74q of the output-side plate part
74 and the 1nner circumierential surface 68a of the housing
167 1n a wedge fashion at the neutral position (see FIG. 4A).
When a torque rotating about the axis 1s inputted to the mnput
shaft 171 from this state, the wedge-type engagement of the
respective rollers 75 1s released, and the torque 1s transmitted
from the input-side plate part 73 to the output-side plate part

74 (see FIG. 4B).

That 1s to say, when the torque 1s inputted to the input shaift
171, the respective shafts 171 and 172 are rotated together,
while the housing 167 1s stopped, and therefore, the support-
ing shatt 157 of the damper 151, which 1s engaged with the
housing 167, 1s also stopped. Consequently, the damper 151
does not apply a damping force to the torque inputted to the
input shatt 171, thereby keeping the steering of the handlebar

light and smooth.

On the other hand, when a torque rotating about the axis 1s
inputted to the output shatt 172 from the neutral state, the
roller 75 located at the downstream side 1n the rotating direc-
tion 1n each engagement space K maintains the wedge-type
engagement between the output-side plate part 74 and the
housing 167, and the torque 1s transmitted from the output-
side plate part 74 to the input-side plate part 73 (see F1G. 4C).

That 1s to say, when the torque 1s inputted to the output shaift
172, the respective shafts 171 and 172 and the housing 167 are
rotated together. At this time, the housing 167 and the sup-
porting shaft 157 are engaged with each other via the respec-
tive gears 157a and 167a, and therefore, when the torque 1s
inputted to the output shait 172, the supporting shait 157 1s
also rotated together with the respective shafts 171 and 172
and the housing 167. Consequently, the damper 151 applies a
damping force to the torque 1mnputted to the output shatt 172,
and therefore, the rotation of the steering system caused due
to the 1rregularity of a road surface 1s restrained.

As described above, 1t 1s possible for the steering damper
apparatus according to this embodiment to generate a damp-
ing force of the damper 151 only when there 1s an input from
the front wheels 3 and to meet various steering characteristics
desired by a nder. Moreover, 1t 1s possible to keep the steering
of the handlebar light and smooth without the generation of a
damping force for the mput from the handlebar 46. On the
other hand, a damping force 1s generated for the mput from
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the road surface, and therefore, it 1s possible to restrain the
rotation of the steering system caused due to the irregularity
of the road surtace.

In addition, 1n the steering damper apparatus according to
this embodiment, the damper 151 and the housing 167 of the
input torque selecting mechanism 152 are oifset from each
other, and the damper 151 and the housing 167 are connected
with each other via the gears 157a and 167a. Consequently, 1t
1s possible to relatively freely dispose the damper 151 at the
circumierence of the input torque selecting mechanism 152,
and 1t 1s possible to easily change the damping characteristics
through the change of a gear ratio.

Embodiment 4

Hereinatter, a fourth embodiment of the present invention
will be described.

As shown 1n FIG. 8, a steering damper unit 150 according
to this embodiment 1s principally different from the one
according to the third embodiment 1n that the steering damper
unit 150 1s mounted upside down, and the input shatt 171 of
the input torque selecting mechanism 152 1s connected to the
front wheel side while the output shaft of the mput torque
selecting mechanism 152 1s connected to the handlebar 46.
Consequently, parts of this embodiment identical to those of
the previous embodiments are denoted by the same reference
symbols, and the description thereot will not be given.

The steering damper unit 150 according to this embodi-
ment 1s constructed 1n a structure in which the mnput torque
selecting mechanism 152 1s disposed 1n a space located coaxi-
ally with the steering shaft 45 in an outer case 153, and the
damper 151 1s disposed 1n a space offset from the steering
shaft 45 1n the outer case 153.

The 1nput torque selecting mechanism 152 1s constructed
in a structure 1n which the output shatt 172 protrudes from the
upper part of the housing 167, and the mput shatt 171 pro-
trudes from the lower part of the housing 167. The output
shaft 172 constitutes the upper shait 45a of the steering shait
45, and the input shait 171 constitutes the lower shatt 455 of
the steering shait 45. At one end of the input shaft 171 and one
end of the output shaft 172 opposite to the one end of the input
shaft 171 are integrally formed the input-side and output-side
plate parts 73 and 74, respectively. At the outer circumierence
ol the upper part of the outer circumferential wall 68 of the
housing 167, 1n which the respective plate parts 73 and 75 are
received, 1s integrally formed a drive gear 167a.

The damper 151 has a supporting shaft 157 and an outer
damper member 161, which 1s disposed coaxially with the
supporting shaft 157. At the middle part of the supporting
shaft 157 in the vertical direction 1s integrally formed a driven
gear 157a, which 1s engaged with the drive gear 167a. The
engaging part 164a 1s engaged inthe engaging groove 156a of
the outer case 153, whereby the outer damper member 161 1s
engaged with the outer case 153 1n such a manner that the
outer damper member 161 cannot be rotated about the sup-
porting shaft 157 relative to the outer case 153. When the
supporting shait 157 1s rotated relative to the outer damper
member 161, the energy of the relative rotation 1s absorbed by
the viscous Iriction 1n the outer damper member 161 (a damp-
ing force 1s applied to the relative rotation torque of the
supporting shaft 157 to the outer damper member 161).

The steering damper apparatus according to this embodi-
ment has the above-described construction. Hereinafter, the
operation of the steering damper apparatus will be described.

First, a pair of rollers 75 1n each engagement space K are
engaged with the cam surface 74a of the output-side plate part
74 and the inner circumierential surface 68a of the housing
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167 1n a wedge fashion at the neutral position (see FIG. 4A).
When a torque rotating about the axis 1s iputted to the input
shaft 171 from this state, the wedge-type engagement of the
respective rollers 75 1s released, and the torque 1s transmitted
from the mput-side plate part 73 to the output-side plate part
74 (see F1G. 4B).

That 1s to say, when the torque 1s inputted to the input shaift
171, the respective shafts 171 and 172 are rotated together,
while the housing 167 1s stopped, and therefore, the support-
ing shatt 157 of the damper 151, which 1s engaged with the
housing 167, 1s also stopped. Consequently, the damper 151
does not apply a damping force to the torque inputted to the
input shaft 171 of the wheel side, and therefore, the input from
the road surface 1s directly transmitted to the handlebar 46
side.

On the other hand, when a torque rotating about the axis 1s
iputted to the output shait 172 from the neutral state, the
roller 75 located at the downstream side in the rotating direc-
tion 1n each engagement space K maintains the wedge-type
engagement between the output-side plate part 74 and the
housing 167, and the torque 1s transmitted from the output-
side plate part 74 to the input-side plate part 73 (see F1G. 4C).

That 1s to say, when the torque 1s inputted to the output shaft
172, the respective shafts 171 and 172 and the housing 167 are
rotated together. At this time, the housing 167 and the sup-
porting shaft 157 are engaged with each other via the respec-
tive gears 1537a and 167a, and therefore, when the torque 1s
inputted to the output shaft 172, the supporting shaft 157 1s
also rotated together with the respective shafts 171 and 172
and the housing 167. Consequently, the damper 151 applies a
damping force to the torque mnputted to the output shatt 172,
and therefore, a good sensation of the handlebar manipulation
1s provided.

As described above, 1t 1s possible for the steering damper
apparatus according to this embodiment to generate a damp-
ing force of the damper 151 only when there 1s an input from
the handlebar 46 and to meet various steering characteristics
desired by a rider. In addition, it 1s possible to accurately
transmit the information from the road surface to the nider
without the generation of a damping force for the input from
the road surface. On the other hand, a damping force 1s gen-
crated for the input from the handlebar 46, and therefore, 1t 1s
possible to provide a good sensation of the handlebar manipu-
lation. Furthermore, 1t 1s possible to relatively freely dispose
the damper 151 at the circumierence of the mput torque
selecting mechanism 152, and it 1s possible to easily change
the damping characteristics through the change of the gear
ratio.

Embodiment 5

Heremaftter, a fifth embodiment of the present invention
will be described.

As shown 1n FI1G. 9, a steering damper apparatus according
to this embodiment i1s principally different from the one
according to the third embodiment 1n that the steering shaft 45
and the mput torque selecting mechanism 152 are disposed 1n
a non-coaxial manner, respectively, and the upper end lower
shafts 45a and 455 of the steering shait 45, and input and
output shafts 171 and 172 of the input torque selecting mecha-
nism 152 are connected with each other via upper and lower
relay gear shaits 173 and 174, respectively. Consequently,
parts of this embodiment 1dentical to those of the previous
embodiments are denoted by the same reference symbols, and
the description thereof will not be given.

A steering damper unit 230 1s constructed 1n a structure 1n
which the upper and lower relay gear shaits 173 and 174 are
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arranged 1n spaces oilset with respect to the steering shaft 45
in the outer case 153, the mput torque selecting mechanism
152 1s arranged 1n a space oifset with respect to each of the
upper and lower relay gear shafts 173 and 174, and the
damper 151 is arranged 1n a space further offset with respect
to the 1input torque selecting mechanism 152. The outer case
153 1s supported on the above-mentioned stays 134 via joint
arms J having ball joints at both ends.

The upper and lower shaits 45aq and 455 forming the steer-
ing shatt 435 are connected coaxially to each other in the outer
case 153 so as to freely rotate relative to each other.

On the other hand, the upper and lower relay gear shaifts
173 and 174 are arranged 1n the outer case 153 so as to be
parallel to the steering shait 45. The upper end lower ends of
the upper and lower relay gear shafts 173 and 174 are rotat-
ably supported on the outer case 153.

The upper and lower relay gear shafts 173 and 174 are
located adjacent to the upper and lower shafts 45a and 455,
respectively. Upper and lower drive gears 45¢, 45d that are
relatively large 1n diameter are integrally provided to the outer
circumierences of the upper and lower shaits 45a and 455,
respectively. Furthermore, upper and lower steering-side
gears 173a and 174a, which are relatively small 1n diameter
and mesh with the upper and lower drive gears 45¢ and 454,
are integrally provided to the outer circumierences of the
upper and lower relay gear shafts 173 and 174, respectively.

The upper and lower relay gear shafts 173 and 174 are also
located adjacent to the mput shaft 171 and the output shaft
172 on the upper and lower sides of the input torque selecting
mechanism 152, respectively. Output- and input-side driven
gears 171a and 172a are integrally provided to the outer
circumierences of the mput and output shatts 171 and 172,
respectively. Furthermore, upper and lower mechanism-side
gears 1735 and 1745 that mesh with the output- and input-side
driven gears 171a and 172a are integrally provided to the
outer circumierences of the upper and lower relay gear shaftts
173 and 174. The output- and input-side driven gears 171a
and 172a, and the upper and lower mechanism-side gears
1736 and 1745 mesh with each other and have substantially
the same diameter.

The rotations of the upper and lower shafts 45a and 4556 are
increased 1n speed by, for example, about three times via the
respective gears 45¢,45d, 171a,172a,173a,173b, 174a, and
17456 betore being transmitted to the input and output shaits
171 and 172. In other words, the rotation angles of the upper
and lower shafts 45a and 455 are increased by about three
times 1n the input and output shaits 171 and 172, respectively.

Conversely, the rotations of the mnput and output shafts 171
and 172 are reduced 1n speed to, for example, about /3 via the
respective gears mentioned above before being transmitted to
the upper and lower shafts 45a and 455, respectively. In other
words, the rotation angles of the input and output shafts 171
and 172 are reduced to about 13 1n the upper and lower shafts
45a and 45b, respectively.

The transmission of torque between the upper and lower
shafts 45a and 455 1s effected via the upper and lower relay
gear shaits 173 and 174, and the input and output shaits 171
and 172. At this time, as described above, the gear ratio
(reducing ratio) at which rotation 1s transmitted from the
upper and lower shaits 45q and 455 to the mput and output
shafts 171 and 172, and the gear ratio at which rotation 1s
transmitted from the mput and output shaits 171 and 172 to
the upper and lower shafts 45a and 456 cancel each other out.
As a result, the transmission of torque between the upper and
lower shaits 45a and 455 1s performed at constant speed.

At this time, although play based on the space S1 between
the protrusions 736 and the depressions 745 1s produced

10

15

20

25

30

35

40

45

50

55

60

65

22

between the 1nput and output shafts 171 and 172 with respect
to the rotational direction, by increasing or reducing the speed
of transmission of rotation between the upper and lower
shafts 45aq and 4556, and the 1nput and output shaits 171 and
172 as appropriate as described above, play with respect to the
rotational direction between the upper and lower shafts 43a
and 456 based on the above-mentioned play can be made
smaller.

Since the relay gear shafts 173 and 174 are interposed
between the steering shait 45 and the mput torque selecting
mechanism 152, a broader range of values can be set as the
reducing ratio between the upper and lower shaits 454 and
455, and the input and output shaits 171 and 172 as compared
with the case where the upper and lower drive gears 45¢ and
45d, and the output- and mput-side driven gears 171a and
172a directly mesh with each other, thereby making 1t pos-
sible to keep the play with respect to the rotational direction of
the steering shait 45 even smaller.

As described above, with the steering damper apparatus
according to the above-mentioned embodiment, the same
cifect as that of the third embodiment 1s attained. Further-
more, since the upper and lower shaits 45a and 43556 of the
steering shatt 45 are respectively connected to the mnput and
output shafts 171 and 172 of the input torque selecting mecha-
nism 1352 via the gears 45¢, 45d, 171a, 172a, 173a, 1735,
174a, and 1745, the mput torque selecting mechanism 152
can be relatively freely disposed at the circumierence of the
steering shait 45, and with the speed of transmission of rota-
tion made constant between the upper and lower shatts 45a
and 455 of the steering shaft 45, the speed of transmission of
rotation between the mput and output shafts 171 and 172 of
the 1mput torque selecting mechanism 152 and the steering
shaft 45 can be increased and reduced as appropnate through
the setting of the rear ratio.

When performing the transmission of torque between the
upper and lower shafts 45aq and 4556 of the steering shaft 43 via
the protrusion 736 and depression 745 of the mput torque
selecting mechanism 152, play based on the space S1
between the protrusion 735 and the depression 74b 1s pro-
duced between the upper and lower shaits 45a and 456 with
respect to the rotational direction. At this time, since the
rotation of the steering shait 45 1s increased in speed via the
above-mentioned respective gears before being transmitted to
the mnput torque selecting mechanism 152 (that 1s, the rota-
tions of the mput and output shafts 171 and 172 of the input
torque selecting mechanism 152 are reduced 1n speed before
being transmitted to the steering shaft 43), the play between
the upper and lower shaits 45a and 455 based on the above-
mentioned space S1 with respect to the rotational direction
can be kept small.

Embodiment 6

Heremafiter, a sixth embodiment of the present invention
will be described.

As shown in FIG. 10, a steering damper apparatus accord-
ing to this embodiment 1s principally different from the one
according to the fifth embodiment 1n that the upper and lower
relay gear shafts 173 and 174 are not provided, and the upper
and lower shafts 45a and 4556 are connected to each other via
a torsion bar 175 that 1s coaxial with the upper and lower
shafts 45a and 45b. Consequently, parts of this embodiment
identical to those of the previous embodiments are denoted by
the same reference symbols, and the description thereot will
not be given.

In a steering damper unit 350, the upper and lower drive
gears 43¢ and 454 are larger 1n diameter than the output- and
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input-side driven gears 171a and 172a, and the upper and
lower drive gears 45¢ and 454 and the output- and imput-side
driven gears 171a and 172a directly mesh with each other.
The rotations of the upper and lower shaits 45a and 455 are
increased 1n speed as appropriate before being transmitted to
the input and output shatts 171 and 172, and the rotations of
the input and output shafts 171 and 172 are reduced 1n speed

as appropriate before being transmitted to the upper and lower

shafts 45a and 45b. Accordingly, as in the fifth embodiment,

play with respect to the rotational direction between the upper
and lower shaits 45a and 455, which 1s produced on the basis
ol the space S1 between the protrusions 73b and depressions
74b of the mput torque selecting mechamism 152, can be kept
small.

The torsion bar 175 1s made of a material whose torsional
spring constant 1s lower than that of the upper and lower shaftts
45a and 45b. Both ends of the torsion bar 175 are respectively
coupled to the ends of the upper and lower shaits 45q and 4556
by spline fitting or the like 1n a manner that does not allow
relative rotation.

Although small play 1s produced between the upper and
lower shafts 45a and 4554 as described above, the torsional
reaction force of the torsion bar 175 1s exerted on the upper
and lower shaits 45a and 436 upon their relative rotation
based on this play, thereby providing a good sensation of the
handlebar manipulation and also damping backlash of the
steering mechanism.

As described above, with the steering damper apparatus
according to the above-mentioned embodiment, the same
effect as that of the fifth embodiment 1s attained. Furthermore,
since the upper and lower shafts 45a and 455 of the steering
shaft 45 are connected to each other via the torsion spring 175
whose torsional spring constant is lower than that of the upper
and lower shafts 454 and 455, the torsional reaction force of
the torsion bar 175 1s exerted at the time of relative rotation
between the upper and lower shafts 45aq and 455, thereby
making it possible to maintain good steering feel for the rider.

It 1s also possible to additionally use the upper and lower
relay gear shafts 173 and 174 mentioned above in this
embodiment as well.

Embodiment 7

Hereinatter, a seventh embodiment of the present invention
will be described.

As shown in FIG. 11, a steering damper apparatus accord-
ing to this embodiment 1s principally different from the one
according to the sixth embodiment in that the upper and lower
shaits 45a and 45b are connected to each other 1n a manner
that does not allow relative rotation, and the mput and output
shaits 171 and 172 are connected to each other via a torsion
bar 176 that 1s coaxial with the input and output shaits 171 and
172. Consequently, parts of this embodiment identical to
those of the previous embodiments are denoted by the same
reference symbols, and the description thereol will not be
gIven.

In a steering damper unit 350", the torsion bar 176 1s made
of a material whose torsional spring constant 1s lower than
that of the input and output shafts 171 and 172. Both ends of
the torsion bar 176 are respectively coupled to the ends of the
111put and output shafts 171 and 172 by spline fitting or the like
in a manner that does not allow relative rotation.

Although small play based on the above-mentioned space
S1 1s produced between the input and output shafts 171 and
172 as described above, the torsional reaction force of the
torsion bar 176 1s exerted on the mput and output shafts 171
and 172 upon their relative rotation based on this play.
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Accordingly, as in Embodiment 6, the torsional reaction force
1s transmitted to the upper and lower shaits 45a and 4556 via
cach gear, a good sensation of the handlebar mampulation 1s
provided, and backlash of the steering mechanism 1s damped,
thereby making it possible to maintain good steering feel for
the rider.

It 1s also possible to additionally use the above-mentioned
torsion bar 175, and the above-mentioned upper and lower
relay gear shaits 173 and 174 in this embodiment as well.

Embodiment 8

Hereinafiter, an eighth embodiment of the present invention
will be described.

As shown 1n FIGS. 12 and 13, a steering damper apparatus
according to this embodiment 1s principally different from the
one according to the fifth embodiment in that the upper and
lower relay gear shaits 173 and 174 are not provided, and the
steering shait 45 1s provided with a steering-side protrusion
177 and a steering-side depression 178 for enabling the trans-
mission of torque between the upper and lower shafts 45a and
45b. Consequently, parts of this embodiment i1dentical to
those of the previous embodiments are denoted by the same
reference symbols, and the description thereof will not be
gIven.

In a steering damper 450, the steering-side protrusion 177
extends to the lower shait 4556 side from the outer circumfier-
ential part of the upper shatt 45a. The steering-side depres-
s1ion 178, 1n which the steering-side protrusion 177 1s loosely
fitted, 1s formed 1n the outer circumierential part of the lower
shaft 45b. A space S3 corresponding to the relative rotation
angle L of each of the upper and lower shatits 45aq and 455 1s
provided between the outer side surface of the steering-side
protrusion 177 on either side 1n the shait rotation direction,
and the 1nner side surface of the steering-side depression 178
on either side 1n the shaft rotation direction (see FI1G. 13).

In this case, the relative rotation angle L corresponds to the
angle (hereiafter, referred to as L0) by which the input and
output shafts 171 and 172 rotate relative to each other until the
protrusions 7356 and depressions 746 of the input torque
selecting mechamism 152 come 1into abutment with each other
(until the mput and outputs shafts 171 and 172 are brought
into engagement with each other 1n a manner that does not
allow relative rotation) from the state in which they are spaced
apart from each other by the space S1.

Accordingly, when the protrusions 735 and the depressions
74b are brought mto engagement with each other so that
transmission of torque 1s performed between the upper and
lower shafts 45a and 456 via the protrusions 735 and the
depressions 745, the input and output shafts 171 and 172, and
the like, the above-mentioned transmission of torque 1s per-
formed also via the steering-side protrusion 177 and the steer-
ing-side depression 178 which are provided to the upper and
lower shatts 45aq and 45b. A load exerted on the engaging part
(particularly the protrusions 735) between the input and out-
put shafts 171 and 172 1s also distributed to the engaging part
between the upper and lower shaits 45aq and 455.

It should be noted that a configuration may be adopted 1n
which the relative rotation angle L 1s set to be slightly larger
than the angle 1.0, and the transmission of torque between the
upper and lower shalts 45a and 455 1s normally effected by
the engagement between the protrusions 735 and the depres-
sions 74b, whereas 1n situations such as when excessive rota-
tional torque 1s inputted to the steering shatt 45, for example,
the steering-side protrusion 177 and the steering-side depres-
sion 178 can be brought mnto engagement with other before
the engaging part (particularly the protrusions 735) between
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the input and output shatts 171 and 172 undergoes deforma-
tion (1n other words, the steering-side protrusion 177 and the
steering-side depression 178 each serve as a stopper at the
time of an excessive mput).

As described above, with the steering damper apparatus
according to the above-mentioned embodiment, the same

effect as that of the fifth embodiment 1s attained. Furthermore,
since torque 1s transmitted between the upper and lower shaftts
45a and 455 also via the steering-side protrusion 177 and the
steering-side depression 178 that are provided 1n the steering
shaft 45, so the load applied to the engaging part between the
input and output shafts 171 and 172 1s suppressed, whereby
the performance required of the input torque selecting mecha-
nism 152 can be reduced to achieve a reduction in size and
weight as well as a reduction 1n cost.

It 1s also possible to use the upper and lower relay gear
shafts 173 and 174, or use the torsion bars 175 and 176 1n this
embodiment as well.

Embodiment 9

Hereinafter, a ninth embodiment of the present invention
will be described.

As shown 1n FIG. 14, a steering damper apparatus accord-
ing to this embodiment 1s principally different from the one
according to the eighth embodiment 1n that the depressions
74b and protrusions 735 of the iput torque selecting mecha-
nism 152 are not provided. Consequently, parts of this
embodiment 1dentical to those of the previous embodiments
are denoted by the same reference symbols, and the descrip-
tion thereof will not be given.

In a steering damper unit 450', the above-mentioned rela-
tive rotation angle L 1s set as the angle L0. Upon input of
rotational torque from the handlebar 46, the wedging engage-
ment of the respective rollers 75 1s released so as to allow
relative rotation between each of the plate parts 73 and 74 and
the housing 167 (see FIG. 4B), and the steering-side protru-
s1ion 177 and the steering-side depression 178 are brought into
engagement with each other, thereby allowing the transmis-
sion of torque between the upper and lower shafts 45aq and
45b to be effected 1n a non-damping state where no damping
force 1s being applied from the damper 151.

On the other hand, upon input of rotational torque from the
front wheels 3, the respective rollers 75 are brought into
wedging engagement so that the output-side plate 74 and the
housing 167 are brought into engagement with each other in
a manner not allowing relative rotation (see FIG. 4C) and, 1n
the same manner as described above, the steering-side pro-
trusion 177 and the steering-side depression 178 are brought
into engagement with each other, thereby allowing the trans-
mission of torque between the upper and lower shafts 45a and
45b to be elfected 1n a damping state where a damping force
1s being applied from the damper 151.

That 1s, the transmission of torque between the upper and
lower shafts 45a and 455 1s efiected solely by the steering-
side protrusion 177 and the steering-side depression 178,
instead of the protrusions 735 and the depressions 74b.

As described above, with the steering damper apparatus
according to the above-mentioned embodiment, the same
effect as that of the fifth embodiment 1s attained. Furthermore,
since the transmission of torque between the upper and lower
shafts 45a and 45b 1s effected solely via the steering-side
protrusion 177 and the steering-side depression 178 that are
provided 1n the steering shait 43, the protrusions 735 and
depressions 74b of the mput torque selecting mechanism 152
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can be eliminated, thereby achieving a reduction 1n the size
and weight of the input torque selecting mechanism 152 as
well as a reduction 1n cost.

It 1s also possible to use the upper and lower relay gear
shatts 173 and 174, or use the torsion bar 175 1n this embodi-
ment as well.

Embodiment 10

Hereinatter, a tenth embodiment of the present invention
will be described.

As shown 1n FIGS. 15 to 17, a steering damper apparatus
according to this embodiment 1s principally different from the
one according to the ninth embodiment 1n that the steering
damper apparatus includes a steering-side positioning
mechanism 181 for determining the neutral position 1n the
rotating direction between the upper and lower shafts 45a and
45b, and a mechanism-side positioning mechanism 182 for
determining the neutral position 1 the rotating direction
between the mput and output shaits 171 and 172. Conse-
quently, parts of this embodiment identical to those of the
previous embodiments are denoted by the same reference
symbols, and the description thereof will not be given.

As shown 1 FIG. 16, 1n a steering damper unit 550, the
steering-side positioning mechanism 181 1s located near the
steering-side protrusion 177 and the steering-side depression
178, and includes an indicator 181a and a mark 1815 respec-
tively provided in the upper shait 45q and the lower shatt 4556
to 1ndicate the reference positions in the rotating direction of
the upper and lower shaits 45q and 435b. When the indicator
181a and the mark 1815 are aligned as seen in the axial
direction, the above-mentioned space S3 1s secured on either
side of the steering-side protrusion 177 inside the steering-
side depression 178, thereby determining the neutral position
in the rotating direction of the upper and lower shatts 45q and
435b (a state where the upper and lower shatts 45q and 455 are
located at the intermediate position within the range of pos-
sible relative rotation).

On the other hand, as shown 1n FIG. 17, the mechanism-
side positioning mechanism 182 includes input- and output-
side positioning mechanisms 183 and 184 provided 1n upper
and lower parts of the housing 167.

i

The mput-side positioming mechanism 183 includes an
indicator 183a and a mark 1835 that indicate the reference
positions 1n the rotating direction of the iput shait 171 and
housing 167. The output-side positioning mechamsm 184
includes an indicator 184a and a mark 1845 that indicate the
reference positions 1n the rotating direction of the output shaft
172 and housing 167. By aligning the indicator 183« and
mark 1835 of the input-side positioning mechanmism 183 as
seen 1n the axial direction, the relative rotation position of the
input shatt 171 with respect to the housing 167 1s determined,
and by aligning the indicator 184a and mark 18454 of the
output-side positioning mechanism 184 as seen 1n the axial
direction, the relative rotation position of the output shaft 172
with respect to the housing 167 1s determined. That 1s, the
mechanism-side positioning mechanism 182 serves to deter-

mine the relative rotation positions of the mput and output
shafts 171 and 172 with respect to the housing 167.

At this time, within the mput torque selecting mechanism
152, the space S2 1s formed between each of the rib parts 734
and each of adjacent rollers 75 located on both sides thereof
(corresponding to a state 1n which the space S1 1s formed
between the projections 735 and the depressions 745b),
whereby the neutral position in the rotating direction of the
input and output shaits 171 and 172 (a state where the input
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and output shafts 171 and 172 are located at the intermediate
position within the range of possible relative rotation) 1s
determined.

When assembling the steering shaft 45 and the input torque
selecting mechanism 152 together, the neutral position of the
upper and lower shafts 45q and 455, and the neutral position
of the mnput and output shafts 171 and 172 are determined,
thereby preventing displacement between the respective neu-
tral positions.

As described above, with the steering damper apparatus
according to the above-mentioned embodiment, the same
elfect as that of the ninth embodiment 1s attained. Further-
more, since the input torque selecting mechanism 152
includes the mechanism-side positioning mechanism 182 for
determining the neutral position 1 the rotating direction
between the mput and output shafts 171 and 172, and the
steering shait 435 includes the steering-side positioning
mechanism 181 for determining the neutral position 1n the
rotating direction between the upper and lower shatts 45aq and
45b, even when, 1n particular, the steering shaft 45 and the
input torque selecting mechanism 152 are disposed 1n a non-
coaxial manner, 1t 1s possible to prevent a rotational phase
difference (displacement of the neutral position) from occur-
ring between the steering shait 45 and the input torque select-
ing mechanism 1352.

It 1s also possible to use the protrusions 735 and the depres-
sions 74b, use the upper and lower relay gear shatts 173 and
174, or use the torsion bars 175 and 176 1n this embodiment as
well.

Embodiment 11

Hereinafter, an eleventh embodiment of the present inven-
tion will be described.

As shown 1n FIG. 18, a steering damper apparatus accord-
ing to this embodiment 1s principally different from the one
according to the tenth embodiment 1n that a steering-side
positioning mechanism 181' includes a through-hole 181c,
which axially extends through the steering-side protrusion
177 and the steering-side depression 178, and a pin 181d
passed through the through-hole 181¢, and a mechanism-side
positioning mechanism 182' includes a through-hole 182c,
which axially extends through the respective plate parts 73
and 74 of the input and output shafts 171 and 172 and the
housing 167, and a pin 182d passed through the through-hole
182¢. Consequently, parts of this embodiment 1dentical to
those of the previous embodiments are denoted by the same
reference symbols, and the description thereot will not be
gIven.

In a steering damper unit 350', by passing the pin 181d
through the through-hole 181c¢ 1n the steering-side position-
ing mechanism 181, the neutral position in the rotating direc-
tion of the upper and lower shaits 45a and 455 1s determined,
and by passing the pin 1824 through the through-hole 182¢1n
the mechanism-side positioning mechanism 182', the neutral
position 1n the rotating direction of the input and output shaifts
171 and 172 1s determined. After assembling the steering
shaft 45 and the mput torque selecting mechanism 152
together 1n this state, the pins 1814 and 182d of the respective
positioning mechanisms 181' and 182" are removed, whereby,
as 1n the tenth embodiment, the assembling of the upper and
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lower shaits 45a and 455, and the input shaits 171 and 172 1s
completed 1n a state where displacement between the respec-
tive neutral positions of these components 1s prevented.

It 1s also possible to use the protrusions 735 and the depres-
sions 74b, use the upper and lower relay gear shaits 173 and
174, or use the torsion bars 175 and 176 1n this embodiment as
well.

Embodiment 12

Hereinaftter, a twelfth embodiment of the present invention
will be described.

As shown 1n FIG. 19, a steering damper apparatus accord-
ing to this embodiment 1s principally different from the one
according to the eleventh embodiment in that, for example,
the upper shait 45q and the upper drive gear 45¢ are formed as
separate components, and these components are integrally
coupled together by bolting or the like, thereby making 1t
possible to adjust the relative rotation angle between the
upper shaft 45a and the upper drive gear 45¢. Consequently,
parts of this embodiment 1dentical to those of the previous
embodiments are denoted by the same reference symbols, and
the description thereof will not be given.

In a steering damper unit 550", when assembling the steer-
ing shait 45 and the mput torque selecting mechanism 152
together 1n a state where the neutral positions of the upper and
lower shaits 45a and 455 and 1nput and output shafts 171 and
172 are determined as described above, by making at least one
of the above-mentioned gears 43¢, 45d, 171a, 172a, 173a,
1736, 174a, and 174b, which connect the upper and lower
shafts 45a and 4556 and the input and output shafts 171 and
172 to each other, be adjustable 1n angle about 1ts axis, even
when dimensional tolerances of respective parts have accu-
mulated and become large, such tolerances can be absorbed.
That 1s, the same effect as that that of the tenth embodiment 1s
attained, and the dimensional tolerance of each part can be
increased, thereby allowing an inexpensive part processing
method to be selected to achieve a reduction 1n cost.

In this embodiment, there are no limitations on how the
steering-side positioning mechanism and the mechanism-
side positioming mechanism are constructed, and these
mechanisms may not be used. Furthermore, 1t 1s also possible
to use the protrusions 735 and the depressions 74b, use the
upper and lower relay gear shafts 173 and 174, or use the
torsion bars 175 and 176 1n this embodiment as well.

Meanwhile, the present mvention 1s not limited to the
above-described embodiments. For example, the input torque
selecting mechanism 152 may be of an electric type, or the
damper may be of a vane type. Also, the present invention
may be applied to vehicles other than a saddle-ride type
four-wheeled vehicle. For example, the present invention
may be mounted to a steering head of a motorcycle.

Furthermore, in the fifth to twelfth embodiments men-
tioned above, as 1n the second embodiment modified from the
first embodiment (and as 1n the fourth embodiment modified
from the third embodiment), it 1s also possible to mount the
steering damper unit upside down.

The constructions of the above-described embodiments are
merely illustrative of an example ol the present invention. It1s
therefore a matter of course that the present invention 1s
applicable not only to vehicles but also to general machinery,
and 1t 1s needless to mention that various modifications can be
made to the present invention without departing from the gist
of the mvention.
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What 1s claimed 1s:
1. A steering damper apparatus comprising:

a body frame;

wheels suspended by the body frame;

a steering shait rotatably supported by the body frame, the
steering shaft having a lower shait connected to the
wheel side:

a handlebar connected to an upper shaft of the steering
shaft for rotating the steering shall to steer the wheels;
and

a damper for damping the rotation of the steering shatt,

wherein the rotation of the steering shait 1s damped by the
damper only when there 1s an input from either the handlebar
or the wheels,

wherein one of the upper and lower shafts of the steering
shaft includes a steering-side protrusion, and

the other of the upper and lower shaifts of the steering shaift
includes a steering-side depression 1 which the steer-
ing-side protrusion 1s loosely fitted with a predetermined
space therebetween, and

wherein when the upper and lower shaftts rotate relative to
cach other, the steering-side protrusion and the steering-
side depression are brought into abutment with each
other so that torque is transmitted between the upper and
lower shafts via the steering-side protrusion and the
steering-side depression,

wherein the one of the upper and lower shaits having the
protrusion 1s also formed with a rnib located 1n a space

between an outer periphery of the other of the upper and

lower shaits and an inner circumiferential side of the

housing.

2. A steering damper apparatus comprising:

a body frame;

wheels suspended by the body frame;

a handlebar for steering the wheels; and

a damper for damping the rotation of the handlebar,

wherein the steering damper apparatus further includes an
input torque selecting mechanism having an iput shaft,
an output shaft, and a housing for rotatably supporting
the respective shafits, the mput torque selecting mecha-
nism being constructed such that, when a torque 1s input-
ted from the 1nput shafit, the input shaft rotates the output
shaft relative to the housing, and, on the other hand,
when a torque 1s iputted from the output shait, the
output shah rotates the input shait and the housing, and

wherein one of the mput shait and the output shait of the

iput torque selecting mechanism 1s connected to the
handlebar side, the other of the input shait and the output
shaft of the mput torque selecting mechanism 1s con-
nected to the wheel side, the housing 1s connected to the
damper, the respective shaits are rotated to steer the
wheels, and, when the housing is rotated, the rotation of
the housing 1s damped by the damper,

wherein one of the input and output shahs of the input
torque selecting mechanism includes a plate part having
a protrusion, and

the other of the input and output shaits of the input torque
selecting mechanism includes a plate part with a depres-
sion extending only part way through the plate part 1n
which the protrusion 1s loosely fitted with a predeter-
mined space therebetween, and

wherein when the input and output shafts rotate relative to
cach other, the protrusion and the depression are brought
into abutment with each other so that torque 1s transmiut-
ted between the upper and lower shafts of the steering
shaft via the protrusion and the depression,
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wherein each of the protrusion and the depression has an
ax1s extending parallel to a longitudinal axis of the input
and output shafits.

3. The steering damper apparatus according to claim 2,

wherein the damper and the housing of the mput torque
selecting mechamism are connected with each other via
gears.

4. The steering damper apparatus according to claim 2,

turther comprising a steering shaft rotatably supported by the
body frame, one end of the steering shall being connected to

the wheel side, the other end of the steering shait being
connected to the handlebar side,
wherein at least a portion of the steering shaft constitutes
the mput shait or the output shaft of the mput torque
selecting mechanism.
5. The steering damper apparatus according to claim 2,
wherein the input shatt of the input torque selecting mecha-
nism 1s connected to the handlebar side.

6. The steering damper apparatus according to claim 2,

wherein the input shatt of the input torque selecting mecha-
nism 1s connected to the wheel side.

7. The steeping damper apparatus according to claim 2,
turther comprising a steering shaft rotatably supported by the
body frame, one end of the steering shaft being connected to
the wheel side, the other end of the steering shait being
connected to the handlebar side,

wherein the steering shait includes an upper shait con-
nected to the handlebar side, and a lower shatt connected
to the wheel side, the upper and lower shafts being
respectively connected to either the input or output shaft
of the mput torque selecting mechamism via gears.

8. The steering damper apparatus according to claim 7,

wherein the speeds of rotation of the upper and lower shaftts
of the steering shait are increased by the gears before
being transmitted to the mput and output shaits of the
input torque selecting mechanism.

9. The steering damper apparatus according to claim 7,

wherein the upper and lower shaits of the steering shait are
coupled to each other via an elastic member whose tor-
stonal spring constant 1s lower than that of the upper and
lower shatts.

10. The steering damper apparatus according to claim 7,

wherein the mput and output shafts of the input torque
selecting mechanism are coupled to each other via an
clastic member whose torsional spring constant 1s lower
than that of the input and output shatts.

11. The steering damper apparatus according to claim 7,

wherein the input torque selecting mechanism has posi-
tioning means for determining a neutral position 1n a
rotating direction between the mput and output shafts.

12. The steering damper apparatus according to claim 7,

wherein the steering shaft has steering-side positioning
means for determining a neutral position 1n a rotating
direction between the upper and lower shafts.

13. A damper apparatus comprising:

an mput torque selecting mechanism, which has an input
shall, an output shaft, and a housing for rotatably sup-
porting the respective shafts, the input torque selecting
mechanism being constructed such that, when a torque is
inputted from the input shatt, the imnput shait rotates the
output shait relative to the housing, and when a torque 1s
inputted from the output shaft, the output shait rotates
the input shatt and the housing;

a damper connected to the housing for damping the rota-
tion of the housing; and
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a shaft disposed 1n a coaxial manner with respect to the
input shaft and the output shatt,

wherein the shaift 1s divided into upper and lower shafts,

wherein one of the mput and output shafts of the input
torque selecting mechanism includes a plate part having
a protrusion, and

the other of the input and output shaits of the input torque
selecting mechanism includes a plate part having a
depression extending only part way through the plate
part 1n which the protrusion 1s loosely fitted with a pre-
determined space therebetween,

the protrusion and the depression being brought into abut-
ment with each other when the 1nput and output shatts
rotate relative to each other, so that torque 1s transmitted
between the upper and lower shafts via the protrusion
and the depression

wherein each of the protrusion and the depression has an
axis extending parallel to a longitudinal axis of the input
and output shafts.
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14. The damper apparatus according to claim 13,

wherein the upper and lower shafts are respectively con-
nected to either the mput or output shaft of the input
torque selecting mechanism via gears.

15. The damper apparatus according to claim 14;

wherein one of the upper and lower shafts includes a shafit-
side protrusion, and the other of the upper and lower

shafts includes a shall-side depression 1n which the

shaft-side protrusion 1s loosely fitted with a predeter-
mined space therebetween, the shall-side protrusion and
the shaft-side depression being brought into abutment
with each other when the upper and lower shatts rotate
relative to each other, so that torque 1s transmitted
between the upper and lower shaits also via the shaft-
side protrusion and the shaft-side depression.

16. The damper apparatus according to claim 14,

wherein the mput torque selecting mechanism has posi-
tioning means for determining a neutral position 1n a
rotating direction between the mnput and output shaits.
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